Background: McArdle Disease is a glycogen storage disease caused by an inherited deficiency in myophosphorylase, an enzyme that initiates the breakdown of muscle glycogen for glycolysis. Due to clinical variability and low prevalence, this disease is often delayed in diagnosis. Patients may present in early adulthood, suffering from exercise intolerance, muscle fatigue, myalgias, and potential end-organ damage from rhabdomyolysis and myoglobinuria. Diagnosis is confirmed with muscle biopsy showing an absence of myophosphorylase activity and can be confirmed with PYGM genetic sequencing. Treatment is preventative through dietary control with the use of complex carbohydrates and the ingestion of simple carbohydrates prior to aerobic activity. Case presentation: A 19-year-old Caucasian male presented with a four-day history of rhabdomyolysis and acute kidney injury triggered by diving into cold water and swimming. The patient had developed muscle spasms and dyspnea, followed by a period of emesis, dysuria, and numbness in the lower extremities. Laboratory tests revealed creatinine kinase levels greater than 100,000 U/L and creatinine of 1.6 mg/dl. The patient had experienced a similar episode three months prior that occurred after sprinting, requiring hospitalization secondary to rhabdomyolysis. After eliminating reversible causes for rhabdomyolysis, there was high clinical suspicion for McArdle Disease, confirmed by muscle biopsy with absent phosphorylase activity. The patient was managed with parenteral fluids to treat the rhabdomyolysis and counseled on preventative dietary and exercise strategies. Conclusions: The late onset of presentation of McArdle Disease should prompt consideration of metabolic myopathies in a systemic evaluation for cases of recurrent rhabdomyolysis.
INTRODUCTION
Rhabdomyolysis is a potentially life-threatening disease involving rapid dissolution of damaged skeletal muscle following an insult, [1] with subsequent leakage of toxic contents into the bloodstream. The evaluation of rhabdomyolysis utilizes a broad differential based on recurrent versus single episodes. McArdle Disease is a type of glycogen storage disease (Type V) characterized by a deficiency in the enzyme myophosphorylase, the form of glycogen phosphorylase found in skeletal muscle that breaks down muscle glycogen for glycolysis. This disease is most often inherited in an autosomal recessive pattern due to mutations in the PYGM gene. [2] Although manifestations of the disease typically present in childhood as some form of exercise intolerance, time of onset and disease severity can vary among individuals based on factors such as baseline activity level, diet, sex, and certain genotypes. [3] Typical clinical features include exercise intolerance resulting in muscle crises, muscle weakness or spasms, elevated creatinine kinase levels, and the second wind phenomenon. [2, 3] Diagnosis can be made by the absence of myophosphorylase activity on muscle biopsy, and management focuses on prevention with diet and exercise. [3] 
CASE PRESENTATION

History
A 19-year-old Caucasian male with past medical history of Attention Deficit Hyperactivity Disorder presented from a critical access hospital with a four-day history of rhabdomyolysis and acute kidney injury. The patient had gone swimming when he suddenly developed diffuse muscle spasms and difficulty breathing immediately upon diving into the water, prompting a water rescue. Following the episode, the patient had a prolonged period of non-bloody emesis, difficulty urinating, and numbness in his legs. Initial laboratory investigation at the outside hospital revealed an elevated creatinine kinase (CK) level greater than 100,000 U/L, abnormal renal function with creatinine 1.6 mg/dl, and transaminitis. The patient was treated with parenteral fluids while CK levels were monitored before being transferred to our facility for further work-up and management. The patient reported a similar episode three months prior when he developed muscle spasms after sprinting, with associated stiffness, dyspnea, emesis, and darkened urine that also required hospitalization secondary to rhabdomyolysis. Throughout his past, the patient had remained an active young male with performance on several athletic teams without significant myalgias or weakness during participation. Review of systems noted an unintentional weight loss over several months. Family history was significant for Charcot-Marie-Tooth in his sister and father, with onset of similar symptoms in his father at the same age as the patient.
Investigations
Investigation for acquired and reversible causes of rhabdomyolysis was conducted, including evaluation for infection, toxins, electrolyte imbalance, autoimmune disease, and thyroid disease. Urinalysis was positive for moderate blood with zero microscopic red blood cells, confirming myoglobinuria. Figure 1 is a photograph of the patient's urine upon initial presentation. Laboratory investigation revealed an elevation in aspartate aminotransferase (AST) to 2,101 U/L and alanine aminotransferase (ALT) to 1,043 U/L, which rapidly improved with aggressive hydration. Creatinine kinase (CK) was elevated at 259,000 U/L. Right upper quadrant ultrasonography was unremarkable. Both aldolase and lactate dehydrogenase levels were mildly elevated, which are nonspecific markers for muscular damage. A laboratory investigation for infectious causes, including viral serologies for Human Immunodeficiency Virus, Hepatitis A, Hepatitis B, Hepatitis C, and Epstein Barr Virus, was ultimately negative. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels were within normal limits. A comprehensive urine drug screen and serum toxin screen were unremarkable, ruling out drug-induced etiologies. Electrolytes were within normal ranges, and creatinine had normalized with aggressive hydration. The immunological work-up was also negative, including tests for antinuclear antibodies (ANA) and anti-Jo-1 antibodies. Thyroid stimulating hormone (TSH) levels were within normal limits. Carnitine levels and fatty acid profile both returned within normal limits. Electromyography (EMG) testing was performed and revealed abnormalities suggesting an underlying myopathy with muscle membrane irritability in both upper and lower extremities, as well as active denervation in the upper extremities with myopathic motor units. Nerve conduction studies showed no evidence of demyelinating neuropathy. Results of a left biceps muscle biopsy revealed primary myopathy with phosphorylasenegative histochemistry confirming the diagnosis of McArdle Disease. The patient and family declined genetic testing, citing financial concerns. With aggressive hydration, CK levels declined to normal limits within six days of initial insult. Table 1 depicts the downward progression of CK levels during the hospital admission. Following diagnosis, the patient was counseled on maintaining a protein-rich diet and ingesting simple carbohydrates before activity and was given a prescription for targeted physical therapy designed for patients with metabolic myopathies to help maintain an active quality of life. 
DISCUSSION
McArdle Disease is a glycogen storage disorder of myophosphorylase deficiency that is inherited in an autosomal recessive fashion. The most common mutations are found at the PYGM gene, with more than 100 mutations associated with McArdle Disease. [4] Myophosphorylase is the form of glycogen phosphorylase found in skeletal muscle that converts stored glycogen into glucose-1-phosphate, which then enters glycolysis to produce available energy. [5] In the absence of myophosphorylase, the body is unable to use the glycogen stored in skeletal muscle for energy. This disease is known as a pure myopathy since only the muscle isoform of glycogen phosphorylase is affected while the liver and brain isoforms remain unaffected. [2, 5] Although patients with McArdle Disease are unable to utilize the stored muscle glycogen as energy, the ability to use other sources to fuel activity remains intact. Therefore, ingestion of simple carbohydrates before activity is known to improve exercise tolerance in these patients. [3, 5, 6] The hallmark clinical manifestation of McArdle Disease is exercise intolerance. This often presents in the form of muscle crises after strenuous activity. [7] Symptoms may include muscle fatigue and myalgias, with the possibility of progression to rhabdomyolysis due to severe muscle damage and leakage of muscle proteins. [2, 3, 8] Clinical suspicion is based on the following elements: exercise intolerance, chronic muscle weakness, increased CK at rest unprovoked by activity, one or more previous episodes of rhabdomyolysis, and the second wind phenomenon. [3] The second wind phenomenon is considered pathognomonic for McArdle Disease and involves the ability to return to activity after a brief rest at the onset of muscle fatigue, which is thought to be facilitated by an increase in blood flow and delivery of free fatty acids, with an increase in fatty acid metabolism and glucose utilization from the blood. [9] [10] [11] Therefore, exercise tolerance is enhanced by allowing the body to use other sources for energy to fuel the activity. As clinical symptoms can vary in severity, diagnosis is often delayed. [12] Elevation in baseline CK may prompt consideration for metabolic myopathies and is a common reason for prompting further investigation. [13] The diagnosis can be confirmed by muscle biopsy, with samples often taken from the vastus lateralis or biceps brachialis, in order to look for the presence or absence of myophosphorylase activity. [2, 3] Biopsy results typically include decreased levels of myophosphorylase and increased glycogen on PAS stain. [3, 14, 15] Genetic testing for PYGM mutations can be used to confirm the diagnosis. [2, 3] Although not routinely done today, traditionally an ischemic forearm test would be performed revealing no elevations in lactic acid. [3, 14, 15] Since many cases of McArdle Disease may present as rhabdomyolysis, it is important to keep a broad differential for the multiple causes of rhabdomyloysis. Investigation for the etiology of rhabdomyolysis should begin with a thorough patient and family history, recent history of trauma, medication use, and substance use disorders. [16] [17] [18] Laboratory investigation should include electrolytes, toxicology screen, and thyroid function tests to search for acquired and treatable causes. [16] [17] [18] After acquired pathologies have been eliminated, glycogen storage diseases, fatty acid metabolism disorders, mitochondrial myopathies, and structural muscle diseases should be considered on the differential diagnosis and evaluated. [16] [17] [18] The treatment for McArdle Disease is primarily aimed at nutritional and physical support since there is no definitive treatment or cure for this condition. A traditional diet often fails at maintaining blood glucose as a fuel source as stored muscle glycogen cannot be utilized. [3, 7] A structured diet rich in complex carbohydrates and low in fats is recommended, along with ingestion of simple carbs before beginning any form of strenuous activity. [3, 7, 19] Regular aerobic conditioning at moderate intensity is also highly recommended as this will improve exercise tolerance and decrease symptom severity. [2, 3, 7] Resistance training and isometric exercises have historically been avoided due to fear of provoking rhabdomyolysis. [9] However, some studies have shown that resistance training can be safe and beneficial if the correct training protocol is followed. [8, 19] Although McArdle Disease is the most common glycogen storage disorder, it remains a rare, diagnostic challenge, with an estimated prevalence of 1/100,000 patients in the United States. [2, 4] Several studies note that diagnosis is often delayed after the first presenting symptoms, which are often in childhood. [3, 12, 15] The clinical variability in disease severity and presentation likely result in under diagnosis, therefore underestimating the true prevalence of disease. [12, 15] While some patients may have mild symptoms of fatigue, others may present with muscle crises and marked proximal muscle weakness, making the diagnosis more obvious. [3] Females are typically found to have more severe disease presentation compared to males. [3] Patients with sedentary lifestyles may not present with the typical exercise intolerance symptoms, and diets rich in car-bohydrates at baseline may mask disease symptoms for a long period of time. [3] Given its variable presentation, a genetic myopathy should be considered in the correct clinical context to prompt appropriate clinical investigations.
